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Abstract
Snow algae are the dominant primary producers of snowy alpine environments and have recently
been thrust into the public spotlight for contributing to glacial melt by decreasing snow albedo.
These microbial communities are subject to extreme temperature regimes, high irradiance, low
nutrient levels, and freeze-thaw cycles on daily, seasonal, and even long-term climatological
changes. Although snow algae have been described on every continent, the spatiotemporal
diversity of snow algae communities across snowy habitats has not been addressed. The natural
geography and climate of the Pacific Northwest provides diverse snowy alpine ecosystems to
study the effects of latitude, elevation, and precipitation on snow algae communities. Using
meta-amplicon sequencing of the 18S small subunit ribosomal gene, I describe patterns in the
community structure of snow algae communities in the Pacific Northwest Cascade Mountains.
Collectively, the amplicon data suggest that snow algae communities can be classified in distinct
assemblages of both algal and heterotrophic communities that are distributed across the
Cascades. I observe a general seasonal algal succession from early season Chloromonas spp.
dominant communities to late season Chlamydomonas spp. dominant communities in both large
geographic context and within a single basin. Additionally, I observe a late season increase in the
relative abundance of heterotrophic taxa and an increase in overall community diversity. My data
suggest that algae community structure may vary in accordance with the dynamic environment in
which they live and thus the community of snow microbes are selected for by the environment or
microhabitat in which they live. The algal assemblages that I describe give insight to these
understudied ecosystems which are extremely important in our warming climate.

iv

Acknowledgements
I would first like to thank Dr. Robin Kodner for her advice and guidance through my
research process. Additionally, I’d like to thank Dr. Robin Matthews and Dr. Dietmar Schwarz
for their support as committee members. I especially would like to thank Taylor Clement
assistance with new methods in the lab, Ryan McLaughlin for running bioinformatics, and
Nathan Roueche for collaborating on the GIS data and maps. Thanks to Biology Graduate
Student Advisor, Ben Miner, for support and advice. I’d like to acknowledge Peter Thut for his
assistance in the stockroom, with ordering lab supplies, and help running logistics for the
department. Thank you to Mary Ann, Lexie, and Cathy in the Biology Office for helping with
administrative tasks including routing funding. I’d like to thank the Fraser Family and Peter
Hallson for funding my research and research stipend for a summer. Thanks to Research and
Sponsored Programs at Western Washington University, the American Alpine Club, and the
Northwest Audubon Society for funding support.
I’d like to thank all of the undergrads who worked in the Kodner Lab. It’s been a blast
working with you Kristen Thomas, Tian Qing Yen, Glenna Dyson-Roberts, Anna Szabo, Maddie
McKay, Elsa Balton, Ashley Heuchert, Neha Malhan, Maggie Neer, Nolan Exe, Jeremiah Rath,
and Julie Maurer.
I’d additionally like to thank Abby Sussman at the North Cascades Institute for her
amazing administrative skills, logistics, and supporting my work bringing science curriculum to
Snow School!
Finally, I’d like to thank all of my cohort, friends, and family for their unwavering
support throughout this process. It takes a village… I couldn’t have done it without you!

v

Table of Contents
Abstract ..................................................................................................................................... iv
Acknowledgements .................................................................................................................... v
List of Tables and Figures......................................................................................................... vii
Introduction ................................................................................................................................ 1
Works Cited ............................................................................................................................. 36
Appendix A .............................................................................................................................. 40

vi

List of Figures
Figure 1...……………………………………………………………………………………Page 7
Summer 2017 Sample Collections across the Pacific Northwest.
Figure 2....………………………………………………………………………………….Page 13
Annotated Taxa per Sample and Representation of Each Annotated Taxon.
Figure 3...…………………………………………………………………………………..Page 15
The ePCA Biplots of all 2017 Samples and Relative Proportions of Eukaryote SSU rDNA.
Figure 4…...………………………………………………………………………………..Page 16
Taxa that influence phylogenetic placements visualized on ePCA trees.
Figure 5...…………………………………………………………………………………..Page 22
Results of Paired Wilcoxon Test comparing Climate Variables Between Assemblages.
Figure 6.....…………………………………………………………………………………Page 25
Relative Proportions of Eukaryote SSU rDNA at Bagley Basin.
Figure 7.....…………………………………………………………………………………Page 26
Spatial Distribution of Algal Assemblages within Bagley Basin.

Supplementary Figure 1..…………………………………………………………………..Page 40
Kantorovich-Rubinstein (KR) distances between samples taken at Bagley Lake near Mt.
Baker, WA.
Supplementary Figure 2..…………………………………………………………………..Page 41
Snow Algae (Chlainomonas spp.) Sample collected over Upper Bagley Lake.

vii

List of Tables
Table 1...……………………………………………………………………………………Page 21
Results of Paired Wilcoxon Test comparing Climate Variables Between K-Means Clusters.

Supplementary Table 1. .…………………………………………………………………..Page 42
Paired Wilcoxon Results.
Supplementary Table 2. . ………………………………………………………………….Page 43
Diversity and Evenness Indexes
Supplementary Table 3. .…………………………………………………………………..Page 44
Climate and sample metadata
Supplementary Table 4. …………………………………………………………………..Page 48
Reference Sequences.
Supplementary Table 4. .…………………………………………………………………..Page 56
Condensed Reference Sequences.

viii

INTRODUCTION
The biomes of snow and ice, like other extreme environments, are host to a diverse and
metabolically active microbial community. Snow ecosystems are found globally in alpine and
polar environments. Algae are the dominant primary producers in all snow ecosystems, and they
create a habitable environment for other snow-dwelling organisms by producing organic matter
that accumulates on snow and ice surfaces (Anesio et al. 2017). Algae present on the snow or ice
as pink, red, orange, yellow, or green, depending on the concentration and composition of
pigments produced by the cells. The pink coloration is due to a secondary pigments (often the
carotenoid, astaxanthin), which darkens the snow surface reducing the snow’s albedo. This
characteristic has recently thrust snow algae into the global spotlight, as studies have shown that
algae with pink coloration can reduce snow’s albedo by 13% (Edwards et al. 2016) which can
lead to increasing melt by 21% (Ganey et al. 2017). The effects of algae on snow albedo are
significant in both polar (Edwards et al. 2016) and alpine systems (Ganey et al. 2017). Due to
their significance to at-risk ecosystems in a warming climate, snow algae are a critical but
understudied element of the dynamics of snow and ice melt. In order to understand the dynamics
between snow algae and their environment, we need to understand the general biology of these
organisms. This includes the most basic questions: 1) What is the taxonomic diversity of pink
snow? 2) How variable are these communities over space and time?
All studies of pink snow show a presence of green algae (Chlorophyta and
Charophyta/Streptophyta), predominantly species in the Chlamydomonadaceae family,
specifically species in the Chlamydomonas and Chloromonas genera (Hoham et al. 1993,
Thomas and Broady 1997, Duval et al. 1999, Novis 2002, Hoham et al. 2006, Novis et al. 2008a,
Fujii et al. 2010, Lutz et al. 2016, Tanaka et al. 2016, Anesio et al. 2017, Terashima et al. 2017).

Studies of orange, yellow, green, brown, or grey snow show a presence of green algae with
varying pigmentation or other algal lineages such as genera Mesotaenium and class
Chrysophyceae (Ling and Seppelt 1986, Remias et al. 2013a, 2013b). In addition to algae, there
are many non-photosynthetic organisms which inhabit snow. Saprophytic and heterotrophic
organisms like fungi, chytrids (Chytridiomycota), bacteria, and archaea have been found in
association with snow algae (Fujii et al. 2010, Brown et al. 2015, Riebe et al. 2016, Mori et al.
2017). Studies have hypothesized that many of these organisms, in addition to animals known to
inhabit snow like ice worms and springtails, rely on algae as a food source (Fujii et al. 2010,
Shain et al. 2011, Naff et al. 2013, Mori et al. 2017).
In general, the biodiversity of microbial ecosystems is understudied and there is likely
more diversity than has been described, including for snow ecosystems. Morphological-based
methods like microscopy have the disadvantage of excluding rare, physically smaller, or
morphologically cryptic taxa in addition to being time consuming. High throughput sequencing
of marker genes is now an effective method for characterizing microbial eukaryote communities.
In contrast to microscopy and culture-dependent sequencing, high throughput sequencing is an
efficient way to capture the diversity of the whole community (Amaral-Zettler et al. 2009,
Tanabe et al. 2016).
When considering what role snow algae play in their environment, it is critical to
understand the geographic distribution of species. The majority of biogeography research on
snow algae communities has been focused on the large polar glaciers and icefields of the
European arctic and Antarctic. Large expanses of our world’s freshwater are in these high
latitude icefields. Fewer studies have looked at alpine systems, which harbor smaller glaciers.
Studies on the biogeography of polar ecosystems show relatively low diversity of polar
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ecosystems in the European Arctic, such that six taxa represent over 99% of algal annotations
(Edwards et al. 2016). Comparisons of Arctic and Antarctic ecosystems reveals shared
phylotypes dominating most of the snow community on both poles. Despite the similarity of
some of the algae species across poles, these regions also host endemic phylotypes that vary at
the sequence level (Akiyoshi et al. 2018), suggesting some barrier to global dispersal. In contrast
to polar systems that have somewhat uniform environmental conditions, alpine systems have
much more variable habitats that have the potential select for different snow algae taxa across
environmental gradients. Studies have shown that variations in topography (slope in particular)
and other environmental gradients affect the distribution and diversity of alpine plants (Chandra
et al. 2018, Zhang et al. 2018).
Initial biogeographic studies of snow algae communities have considered the effects of
environmental factors like elevation, nutrients, and water on physiology and distribution (Lutz et
al. 2016, Hamilton and Havig 2016). Biogeographic studies to date show variations in
community composition of snowy environments across elevation gradients in eastern Siberia, the
Nepalese Himalayas, Southern Patagonia Icefield in Chile, and the Gulkana Glacier in Alaska
(Yoshimura et al. 1997, Takeuchi and Kohshima 2006, Kanda et al. 2010, Tanaka et al. 2016).
Elevation, in turn, affects a host of factors such as the availability of liquid water and nutrient
availability. On large icefields in Alaska the addition of nutrients and water caused algae
biomass to increase by nearly fourfold, suggesting nutrient and water limitation in snowy
environments (Ganey et al. 2017). Studies in this type of environment have also found that algal
community composition remains similar across gradients of essential nutrients, carbon species,
trace elements, and dissolved organic carbon (Edwards et al. 2016). In contrast, the topographic
variation of alpine glaciers creates a different type of ecosystem. A study on volcanoes in the
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Pacific Northwest found that the addition of nutrients does not stimulate carbon fixation
uniformly, suggesting the snow algae communities are not limited by fixed nitrogen or
phosphorus availability (Hamilton and Havig, 2016). Factors that limit algal growth and
community composition in situ (like nutrients and water) are site specific and seem to be
dependent upon glacier size (icefield vs alpine glacier). There is a dearth of research on the
temporal and spatial changes in algal communities on a glacier. One study details the
combination of a temporal and elevational shift of community composition as snow on the
surface of the glaciers melts and provides habitat for different communities (Lutz et al. 2014).
With a warming climate and increasing glacial recession, it is likely that liquid water and
aerial nutrient deposition availability will increase in ice and snow ecosystems. These impacts
may be most severe in alpine glaciers. Alpine glaciers tend to be small, have highly variable
topography, and are restricted to higher elevations in montane areas where the climate is cold
enough to sustain annual events of seasonal snow. This is especially true in low elevation and
low latitude alpine systems. The North Cascades, a sub-range of the larger Cascade Range, is the
most heavily glaciated area in in the contiguous United States and is also one largest low
elevation alpine glacial systems in the world. The Cascades stand out because of their abundance
of small alpine glaciers across a large range, independent of ice fields. In comparison to the
continental glaciers of the arctic and Antarctic, alpine glaciers in the Cascade and North Cascade
Mountain ranges are at a lower latitude and therefore are experiencing faster than average snow
and glacial melt (Mote et al. 2008). In addition, the North Cascades have a precipitation gradient
from west to east, such that eastern slopes receives less precipitation than western slopes.
The diverse and dynamic nature of snowy ecosystems makes studying the full spatial and
temporal diversity of these ecosystems difficult, but is critical to understanding the biology of
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alpine snow algae communities. In order to describe spatial and temporal patterns in community
structure and diversity over time across a dynamic mountain range, I used meta-amplicon
sequencing of ribosomal genes from samples collected from across the Oregon and Washington
Cascades. In this study, I describe the biodiversity and community structure of snow across a
mountain range and a single basin scales throughout the summer growing season on an alpine
basin-scale. I also assess the bioclimate properties of snow algae environments throughout my
study area to characterize the habitat diversity across the Cascades, in relation to the biodiversity.
My study produces a novel baseline for future microbial biodiversity research of snowy alpine
ecosystems across biogeochemical, spatial, temporal, and physiological gradients.

METHODS
Sample Collection
Sterile 50mL Falcon tubes (Part # 14-959-49A, Fisher Scientific) were pre-loaded with RNAlater
solution (15-20mL), used to preserve samples (https://sfg.stanford.edu/RNAbuffer.pdf). Pink
snow indicative of snow algae communities was collected in the field by using the sterile cap of
the Falcon tube to scoop snow into the tube to fill tube. Total sample volume collected was
between 35-30 ml, depending on the individual collecting the sample and water content of the
snow. Samples were stored in a cooler on ice or at 4°C until extraction. At the time of collection,
GPS coordinates and snow quality (rounds, slush, ice, etc.) were recorded. Elevation and aspect
were recorded when instrumentation allowed. Samples were collected by undergraduates
working in Dr. R. Kodner’s (Biology Department, WWU) lab, myself, and by 16 trained
volunteers of the lab’s citizen science program, The Living Snow Project
(http://livingsnowproject.com/). Sample sites for the mountain range scale analysis were chosen
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to represent the geographic variability across the Cascade Range, and include volcanic and nonvolcanic mountains, glacier snow and ice, and annual snow (Figure 1). Samples for seasonal
variability were collected from the Bagley Lakes Basin (Figure 1). Bagley Basin samples were
collected opportunistically across the basin, as the distribution of snow and snow algae shift
throughout a season from lower elevations to higher elevations. Early season samples were
collected at the lowest part of the basin, some of which were sampled from snow covering Upper
Bagley Lake. As snow melted, snow only existed at higher elevations in the basin, therefore,
later season samples were taken from higher elevations in the basin and eventually close to
Herman Saddle (Figure 7).

Sequence Analysis
Excess RNA later and suspended biomass was separated from settled biomass and filtered
through a 25 mm, 0.22 µm Millipore filter (Part # GSWP04700, MillioreSigma). The filter was
rinsed with 1000 µl PBS buffer (http://cshprotocols.cshlp.org/content/2006/1/pdb.rec8247).
Settled biomass was also rinsed with 1000 µl PBS buffer. Both filter and settled biomass were
flash frozen in 500-600 µl liquid nitrogen. Samples were then extracted following the protocol of
the Zymo Research Quick-DNA Fecal/Soil Microbe Miniprep Extraction kit (Part # D6010,
Zymo Research). Following extraction, the concentration of gDNA was determined using a
NanoDrop1000 Spectrophotometer (Thermo Scientific), and select samples were confirmed
using a Qubit 2.0 Fluorometer (Invitrogen Life Technologies). In addition to collected snow
algae samples, three samples of autoclaved water were extracted, amplified, and purified as
negative controls. No RNA or DNA was detected by NanoDrop, Qubit, and samples were unable
to produce amplicons via PCR.
6
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Figure 1. Summer 2017 Sample Collections across the Pacific Northwest. Samples were collected (A) and analyzed
for the mountain-range scale analysis, with concentrated effort in the Cascades (B). Samples collected for the basinscale analysis are indicated by the location marking Bagley Basin.
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Amplicon sequencing
The V4 region (418-420 basepairs) of the small subunit ribosomal gene (18S) was amplified
using primers 454FWD1 (5′-CCAGCA(G/C)C(C/T)GCGGTAATTCC-3′, Saccharomyces
cerevisiae position 565-584) and TAReukREV3 (5′-ACTTTCGTTCTTGAT(C/T)(A/G)A-3′, S.
cerevisiae position 964-981) (Stoeck et al. 2010). I followed the standard Illumina MiSeq 16S
metagenome protocol for the 18S V4 amplicon, and used primers with an overhang adaptor
sequence suggested by Illumina (5’ TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG was
attached to the forward primer and 5’ GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG
was attached to the reverse primer) (Part # 15044223 Rev. B; Illumina). The PCR conditions
were as follows: 25 µL reaction PCR using Apex 2x Taq Master Mix (Part # 42-138, Genesee
Scientific) with the following conditions: 95 °C for 5 minutes, followed by 10 cycles consisting
of 94 °C for 30 seconds, 57 °C for 45 seconds, and 72 °C for 1 minute, followed by 25 additional
cycles consisting of 94 °C for 30 seconds, 48°C for 45 seconds, and 72 °C for 1 minute, with a
final 2-minute extension at 72 °C and hold at 4 °C. Amplicon libraries were cleaned using the
Zymo Research DNA Clean and Concentratior-25 Kit (Part # D4033, Zymo Research). Samples
collected in the summer of 2017 were sent as purified amplicon libraries for Illumina Miseq
sequencing with a 20% PhiX spike to address lower complexity in 18S V4 rDNA sequence.

Sequence Analysis
Amplicons were annotated using phylogenetic placement with the software package pplacer
software package (Matsen et al. 2010). A curated reference package containing full length or
near full length V4 18S reference sequences for snow and ice-dwelling and alpine eukaryotes
was generated for use with pplacer. Sequences used in the reference package are found in Table
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4. Sequences with 100% similarity were condensed into six consensus sequences using Geneious
9.1.8 (https://www.geneious.com). These consensus sequences can be found in Table 5. The
pplacer reference packages use a precomputed phylogenetic tree and associated alignment to
place amplicon reads at their most likely position based on phylogenetic algorithms. Reference
sequences were aligned using MUltiple Sequence Comparison by Log- Expectation (MUSCLE)
(Edgar 2004) and trimmed using TrimAl (Capella-Gutiérrez et al. 2009). Headers were
standardized, removing unacceptable characters and adding NCBI Taxonomy IDs (Federhen
2011) to each reference sequence. Extracting header information and file format conversions
were handled with seqmagick v0.7.0 (n.d.). A hidden Markov model (HMM) was created from
the reference sequences using hmmbuild from HMMER (3.1b2). A phylogenetic tree was built
using RAxML v8.2.4 (Stamatakis 2014) with the following parameters: algorithm (-f) a, model (m) GTRGAMMAIX, random number (-p) 12345, random seed (-x) 12345, alternative run
number (-#) 100. All other RAxML parameters can be assumed to be default. The reference
package was built using taxtastic v0.8.5 (n.d.). The reference tree was rerooted with rppr
v1.1.alpha19-0-g807f6f3 (Matsen and Gallagher 2012). Finally the 18S reference package was
checked using rppr, same version.
Raw paired-end FASTQ files were merged using FLASH v2.2.00 (n.d.) with the
following parameters: read length (-r) 460, fragment length (-f) 300, fragment standard deviation
(-s) 18. All other FLASH parameters were left as default. Merged sequences were quality
checked using a custom python script. The start and end of each sequence was trimmed using the
following rules: trim sequence until 3 bases in a row are greater than or equal to a Phred 20
score. For each trimmed sequence, the quality scores were collected and converted to
probabilities using the equation: P = 10(-q/10), where P = probability, and q = Phred quality score.
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These probabilities were summed and compared to an expected error threshold, passing if the
summed error probability was less than or equal to and expected error of 5. Minimum length for
sequences that passed all filters was set to 100 bp. Finally, no ambiguous bases calls were
allowed to be included as quality controlled reads. Quality controlled reads were dereplicated
using VSEARCH v2.8.1 (Rognes et al. 2016) with default settings. Dereplicated reads were
clustered using Swarm v2.2.2 (Mahé et al. 2015) with default settings. Chimera checking with
VSEARCH, which uses the UCHIME (Edgar et al. 2011) algorithm for chimera checking, with
default settings. Singletons were identified and removed from processed FASTA files. The
software pplacer, was run in posterior probability mode and the resulting jplace files were rereplicated to reflect the abundance of each unique read in each library, prior to downstream
analysis.

Phylogenetic-based Ecological Diversity Analysis
Taxonomic annotations are produced by assigning a taxonomic name to each read using the
National Center for Biotechnology Information (NCBI) taxon identification numbers of adjacent
leaves or edges of the reference tree. Reads that were placed intermediate to two reference
sequences were assigned the annotation at the lowest shared classification between the two
reference sequences. Each annotation contains a full taxonomic lineage based on the NCBI
taxonomy of the assigned taxonomy ID number. Taxa that were represented by 10 reads or less
were removed from downstream analyses as rare sequences are able to bias measures of richness
when used in comparative analyses (Stoeck et al. 2009).
The software, pplacer, was used for phylogenetic placement-based analyses to explore
patterns in community structure (Evans and Matsen 2012, Matsen and Evans 2011, Matsen et al.
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2010, McCoy and Matsen 2013). The Grand Unified Phylogenetic Placement Yanalyzer (guppy)
analysis package was used to visualize and compute edge principle components analysis (ePCA),
balance-weighted phylogenetic diversity (BWPD), and Kantorovich-Rubinstein (KR) distance.
The ePCA analyses examine community composition across all samples via phylogenetic
placements of all reads within each sample (Matsen and Evans 2011). A jplace file for each
sample was generated by pplacer and used in the ePCA analysis. The ePCA trees that show the
influence of lineages in the reference tree on each principle component are generated as part of
the guppy ePCA analysis. Trees for PC1 and PC2 were visualized with Archaeopteryx (Han and
Zmasek 2009). Kmeans clustering of the ePCA biplot was used to group samples by
phylogenetic similarity of the whole community. The elbow method indicated the optimal
number of groups (Kodinariya and Makwana 2013). The KR distance is a phylogenetic
representation of beta diversity and was calculated using the guppy KR command (FA et al.
2010, Evans and Matsen 2012).

GIS Bioclimate Analysis
Twenty-six bioclimate variables representing 30-year norms were accessed from
ClimateWNA v4.62, available at http://tinyurl.com/ClimateWNA, and loaded into ArcMap
v10.5.1. The USGS 10-m quadrangle digital elevation models (DEMs) containing the sample
sites were used to derive aspect and slope in addition to elevation. All bioclimatic and
topographic cell values were extracted to the sample collection point(s) contained within the
associated pixel and exported from ArcMap for use in analysis. From the 26 bioclimate
variables, those likely to be associated with snow algae life cycles were chosen for analysis.
Indexes were preferentially removed, as were samples that spanned variable periods of time (e.g.
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“mean annual summer precipitation”), in favor of annual averages. Autocorrelated variables
were also removed from analysis. A Kruskal-Wallis chi-squared test was used in R (version
3.5.1) to determine which variables were significantly different between assemblage medians. Of
the variables that had significant differences, a paired samples Wilcoxon test with a Holm
correction was used to determine pairwise significance between all assemblages.

RESULTS
Sequence Data Characterization
My study produced a total of 128 samples, 34 (~36%) of which were collected by citizen
scientists (Supplementary Table 3). From the 128 samples, I retained 10,191,175 18S V4
amplicons after quality control. I identified 82 unique taxa via phlogenetic-based taxonomic
annotations. Each sample contained between 12 and 38 unique taxa (Figure 2). I separated the
ecologically relevant and visually prominant green algae (Chlorophyta and Streptophyta) taxa
from the other non-algal eukaryote taxa. The other taxa are likely non-photosyhnthetic and are
known snow-dwelling microeukaryotes, fungi, and some animals. Roughly half the amplicons,
5,266,316, were annotated as green algae. Of the 82 total annotated taxa, 41 annotations were
green algae taxa. Between 7-18 algal taxa were found in each sample, 38-71% of the taxa per
sample (Figure 2). Samples collected on the same day and in close geographic proximity to each
other can vary in the number of unique other non-algal eukaryote taxa and unique algae taxa
(Figure 2). Only three taxa (uncultured Chloromonas, uncultured Cercozoa, and Basidiomycota)
were found in all samples in this dataset, and an additional three (uncultured Chytridiomycota,
uncultured Chlamydomonadaceae, and Chloromonas) were represented in all but two samples.
Most taxa were observed in only a few samples, suggesting that there are a large set of rare taxa,
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Number of Annotated Taxa
Chlamydomonadales
Chlamydomonas klinobasis
Coelastrella
Dacrymycetaceae
Entomobryomorpha
Ergasilidae
Micromonas pusilla
Polychaeta
Prasiolales
Primnoidae
Pyramimonas
Scenedesmaceae
Trebouxiophyceae
unclassified Pedinellales
Bryopsida
Chlorophyta
Cyclopoida
Dinophyceae
Koliellaceae
Pleurochloridaceae
Streptophyta
Thalassiosira
Thalassiosiraceae
unclassified Nannochloris
uncultured dinoflagellate
uncultured prasinophyte
Annelida
Chloromonas rostafinskii
Hypogastrura
Chloromonas pichinchae
Dinobryaceae
Peridiniales
unclassified Chlorophyceae
Mesotaeniaceae
Metazoa
uncultured marine dinoflagellate
Chlamydomonas
Eumetazoa
unclassified Trebouxiophyceae
Stramenopiles
asterids
Mesenchytraeus
Microthamniales
Arthropoda
Podoplea
Sordariomycetes
Rhodomonas
Syndiniales
Spermatophyta
leotiomyceta
uncultured Chlorella
Embryophyta
unclassified Chlamydomonas
Trebouxia
uncultured Desmidiaceae
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Figure 2. Annotated Taxa per Sample and Representation of Each Annotated Taxon. From the

129 samples sequenced, 10,191,175 full-length 18S V4 sequences were retained after quality
control. Figure 2a shows the 82 unique taxa annotated and how often each were encountered.
Of the 82 unique taxa, 41 were algae taxa. 5,266,316 reads were annotated as algae taxa
(51.67% of total annotations). Figure 2b shows the number of algal and ‘other’ non-algal taxa
per each sample. Each sample contains between 12 and 38 unique taxa and of that the algae
represent between 7-18 (38-71%) of the total. Samples are ordered from the fewest number of
taxa to the most, and then the fewest number of algal taxa to most.
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which was consistent with observations of the “rare biosphere” seen in other environments
(Jones et al. 2011, Urich et al. 2014, Lynch and Neufeld 2015). Sampling intensity, location,
time, and size of organism play a large part influencing how often these taxa are encountered or
appear in an amplicon dataset and so there are biases inhernt in assessing presence and
abundance. Amplicons classified as “environmental sample” are taxa that are known only from
other environmental surveys. “Environmental sample” annotations comprised 76,012 of the total
samples (0.005%). The hand-curated reference tree used to annotate samples is not an allinclusive dataset of known snow sequences. Annotations to “environmental sample” could be a
result of this. In addition, the absence of certain anotations in my results could also be due to the
absence of known (previously sequenced) sequences in the reference tree.

Mountain Range Scale Biogeography of Snow Algae Communities
To compare amplicon data from each sample to all other samples, I used edge principle
components analysis (ePCA), a phylogenetic placement-based multivariate analysis (Matsen and
Evans 2012). An ePCA examines community composition across all samples by calculating the
distance of each read placement within each sample to all other placements within that sample
and across all samples. This analysis generates a matrix that can be used for an ordination by
generating principal components. The principle components are determined by read placements
(i.e. community composition) for each sample. These principle components can be visualized on
a traditional biplot (Figure 3). The relative influence of lineages on each principal component
can be visualized on the original phylogenetic reference tree by colored branches, indicating the
impact of lineages on the ordination (Figure 4). Uncultured Chloromonas and uncultured
Chlamydomonadaceae lineages (orange) influence a sample’s positioning on the left side of the
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Figure 3. ePCA Biplots of all 2017 Samples and Relative Proportions of Eukaryote SSU rDNA. The phylogenetic relationships between
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ePCA biplot, along the PC1 axis, while Basidiomycota, Dacrymyces, Heterotextus, and Cercozoa
lineages (teal) influence a sample’s positioning on the right side of the ePCA biplot along the
PC1 axis (Figure 4). Uncultured Chloromonas, uncultured Chlamydomonadaceae, and
uncultured Cercozoa, and Alveolata lineages (teal) influence a sample’s positioning on the top of
the ePCA biplot, along the PC2 axis, while Chlamydomonas nivalis, uncultured Cercomonad,
and uncultured Chytridiomycota lineages (orange) influence a sample’s positioning on the
bottom of the ePCA biplot along the PC2 axis. Importance of highlighted lineages in the
ordination is not equivalent to the abundance of particular amplicons, but instead show what is
most important in a weighted comparison of samples. The ePCA biplot suggested some
clustering of samples by phylogenetic similarity of the whole community. I used K-means
clustering to assess the clustering pattern and assign similar samples to cluster groups. The elbow
method was used to determine the optimal number of clusters given the data by looking at the
inflection point of the cost of training the data by increasing the number of clusters (k) by k+1.
(Kodinariya and Makwana 2013). This analysis indicated the optimal number of groups (five)
based on PC1 and PC2 (Figure 3). Of the five assemblages, four (+, o, D, and

) ordinated

largely based on PC1, and one group of samples (x) ordinated largely based on PC2. The
lineages influencing this pattern of ordination can be seen in Figure 4. The samples that compose
each assemblage are listed in Supplementary Table 3. The composition, relative abundances, and
dominant taxa of each group/assemblage is unique (Figure 3b, 3c, and 3d), which suggests that
these groups collectively represent snow algae assemblages.
Each assemblage had a distinct composition of taxa. Taxonomic annotations were binned
into all taxonomic annotations, algal annotations, and other non-algal eukaryote annotations
(Figure 3b, 3c, and 3d) to describe community structure. Some assemblage groups were
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dominated by one taxon and other groups had more evenly distributed taxonomic composition
(Figure 3b, 3c, and 3d). All assemblages were dominated by algal taxa except Assemblage o,
which was the only heterotrophic-dominant assemblage. Three assemblages (x, D, and +) were
distinct in that they were dominated by one algal taxa and the other two (o and

) were distinct

such that they had higher proportions of more rare taxa. All were distinct in their measure of
evenness of taxonomic annotations (Supplementary Table 2). Other non-algal eukaryote taxa
were dominated by three taxa: uncultured Chytridiomycota, Basidiomycota, and uncultured
Cercozoa. All assemblages had similar evenness of other non-algal eukaryote taxa, though each
was unique in dominant or co-dominant taxa.
Taxa that were abundant were present in all assemblage groups. All assemblage groups
also had some ‘rare’ taxa, which were found in fewer numbers of samples and were present at
lower relative proportions compared to other alga taxa. Assemblage x was dominated by
uncultured Chlamydomonadacea (75.89% of algae taxa), and dominated by almost equal relative
proportions of uncultured Chytridiomycota (39.34% of other non-algal eukaryote taxa) and
uncultured Cercozoa (39.03% of other non-algal eukaryote taxa). Uncultured Chloromonas
(80.42% of algae taxa) were the dominant taxa in assemblage D. Uncultured Chytridiomycota
(48.07% of non-algae taxa) was the dominant non-algae taxa. Also, highly represented in
assemblage D were uncultured Cercozoa (19.00% of non-algae taxa), Intramacronucleata
(16.98% of non-algae taxa) and Basidiomycota (13.38% of non-algae taxa). In assemblage

,

uncultured Chloromonas (40.00% of algae taxa) were the dominant algae taxa. Unique to
assemblage

were the highest proportions of Chloromonas (14.10% of algae taxa),

Chloromonas nivalis (1.71% of algae taxa), Chrysophyceae (0.25% of algae taxa), and
Rhodomonas (0.019% of algae taxa). This assemblage has the highest proportion of Bdelloidea
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(rotifers) (0.51% of non-algae taxa) and Basidiomycota (21.76% of non-algae taxa). Assemblage
o was dominated by Chlamydomonas nivalis (42.09% of algae taxa). Notably, this assemblage
had the highest proportion of prasinophytes (5.74% of algae taxa). Assemblage o also had the
highest proportion of uncultured Cercozoa (60.47% of non-algae taxa) and the highest
proportions of Sordariomycetes (1.71% of non-algae taxa) and Podoplea taxa (copepods)
(0.062% of non-algae taxa). Assemblage + was also dominated by Chlamydomonas nivalis
(69.34% of algae taxa). Notably, Mesotaeniaceae (0.29% of algae taxa) was most abundant in
this assemblage. Uncultured Cercozoa (34.94% of non-algae taxa) made up the largest
proportion of non-algae taxa, with large proportions of uncultured Chytridiomycota (21.11% of
non-algae taxa), and Basidiomycota (19.61% of non-algae taxa). Notably, this assemblage had
by far the highest proportion of Mesenchytraeus/Annelida taxa (2.56% of non-algae taxa) (Ice
worm) and Isotomurus (2.61% of non-algae taxa) (springtails). There were many taxa that were
shared between assemblages; however, each had a distinct community structure and dominant
taxa.

Bioclimate Patterns
The GPS coordinates collected concurrent with each sample were used to gather environmental
data and define climate variables associated with each assemblage group. Twelve variables
(Table 1) were chosen for analysis because each was likely to be associated with some aspect of
snow algae life cycles. The Julian day of sample collection describes the day that samples were
collected, but is additionally a proxy of seasonality, describing the annual changes (amount of
snowfall, rate of melt out, etc.) of snowy ecosystems. Continentality is the distance from the
coastline, and is a proxy for the precipitation gradient across the Cascade Mountain Range.
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Studies have shown that water, temperature, and elevation all affect algal growth and biomass
(Yoshimura et al. 1997, Hoham et al. 2000, Hoham 2006, Tanaka et al. 2016). Some climate
variables derived from coordinates were autocorrelated, so I created a non-redundant set of 12,
from a set of 26, to work with. A Kruskal-Wallis test was used to compare the twelve bioclimate
variables between assemblages. The Kruskal-Wallis test showed that seven of the 12 variables
(Julian day of sample collection, latitude, longitude, mean annual temperature, number of frostfree days, continentality, and elevation) were statistically different between assemblages (Table
1). A Pairwise Wilcoxon test was used for each significant variable to compare the significance
across assemblages (Figure 5, Supplementary Table 2). The pairwise analysis shows no
consistent pattern of difference across the variables, suggesting a combination of variables is
what makes the habitat for these communities distinct. Assemblage x stands out as distinct from
other assemblages. Samples from this assemblage were collected at a median elevation of 1322
m, which was significantly lower elevation than assemblages

(p=0.038), o (p=0.01), and +

(p=4.40e-06). Samples from assemblage x were also collected significantly earlier in the season
(p=0.00075) than assemblage o; had a significantly higher mean annual temperature (p=0.0215)
than assemblage +; and had a significantly higher mean annual temperature (p=0.0089) than
assemblage

(Figure 5, Supplementary Table 1). Assemblage D can be characterized by

collections early season (statistically earlier than assemblage o, p=0.00056), and frequently on
Cascade volcanoes. Additionally, samples in assemblage D were collected at significantly lower
elevations (p=0.024) than assemblage +; and had a significantly lower degree of continentality
(p=0.011) than assemblage o (Figure 5, Supplementary Table 1). Samples from assemblage
were collected at significantly higher elevations (p=0.038) and at locations with significantly
lower mean annual temperatures (p=0.0089) than assemblage x; had significantly higher latitude
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Climate Variable
Julian day of sample
collection

x

∆

o

+

p-value

157

162

181

218

210

1.27 e-07

*

Latitude

48.85

48.75

48.52

48.48

46.82

0.0019

*

Longitude
Julian date on which the
frost-free period begins

-121.7

-121.7

-121.7

-121.2

-121.1

0.001

*

161

162

163

166

161

0.7227

Mean annual precipitation

2301

2468

2669

2436

2158

0.3297

Mean annual temperature

41

41

29.5

32

17

0.0009521

*

Number of frost-free days

167

164

158.5

158

155

0.01893

*

Precipitation as snow (mm)

897

933

1427.5

1090

1378

0.09849

Continentality

177

166.5

177

184

179

0.001817

13.231

10.086

15.939

16.475

12.601

0.4258

1322

1691

1778

1969

2233

2.14E-05

147.61

151.43

139.46

143.28

178.99

0.3073

Slope
Elevation
Aspect

Table 1. Results of Kruskal-Wallis Test Comparing Climate Variables Between K-Means
Clusters. Significant variables (alpha = 0.05) are noted with an asterisk. Degree of continentality
measures by the difference between mean annual temp of coldest month (MCMT) and mean
annual temp of warmest month (MWMT).
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Figure 5. Results of Paired Wilcoxon Test comparing Climate Variables Between
Assemblages. Letters above boxplots indicate significant differences (p<0.05) between
assemblage for given climate variable. P-values for the paired-Wilcoxon Test can additionally be
found in Supplementary Table 1.
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(p=0.0038) and were collected at significantly lower elevations (p=0.0215) than assemblage +;
and were collected significantly earlier in the season (p=0.00056) and had a significantly lower
degree of continentality (p=0.031) than assemblage o (Figure 5, Supplementary Table 1).
Samples from assemblage o were distinct from other assemblages because they were collected
significantly later in the season (p=0.00075) and at significantly higher elevations (p=0.05) than
assemblage x; and had a significantly higher degree of continentality (p=0.011) than assemblage
D (Figure 5, Supplementary Table 1). Assemblage + can be described by samples collected at
significantly higher elevations than all other assemblages (X2=26.84, p=2.14e-05). Additionally,
assemblage + stands out as having significantly lower mean annual temperature (p=0.0215)
compared to assemblage x; and was found at significantly lower latitudes than assemblage
(p=0.0038) and assemblage o (p=0.0031) (Figure 5, Supplementary Table 1). Habitat parameters
can be described by the climate variables described above, though there were likely other factors
that related to snow community habitat.

Basin Scale Temporal Diversity
To assess community structure and seasonal diversity of snow algae communities in a single
alpine basin, samples were collected monthly from the Bagley Lakes Basin near the Mt. Baker
Ski Area in northwestern Washington State (Figure 1). Analysis of amplicon data from these
samples showed the relative proportions of both algae, and other non-algal eukaryote taxa
showed a taxonomic shift in snow communities from samples collected across a summer (140
days) (Figure 6). Early season samples were dominated by uncultured Chlamydomonadaceae and
uncultured Chloromonas while samples from later in the season shifted to have relatively higher
proportion of Chloromonas taxa. Overall, later season samples in Bagley Basin had a higher
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richness and lower evenness of algal taxa (Supplementary Table 2). Additionally, other non-algal
eukaryote taxa were dominated early in the season by uncultured Chytridiomycota, while later in
the season the relative proportion of ciliates (intramacronucleata) and fungi (basidiomycota and
fungi incertae sedis) increased. Though the relative proportion of other non-algal eukaryote taxa
increased later in the season, the diveristy metrics (most clearly seen in the evennness metric) of
this group of taxa remained similar throughout the season. Samples collected later in the season
were more likely dominated by other non-algal eukaryote taxa (Figure 6).
To assess community composition at different spatial scales (alpine basin vs mountain
range) I used two multivariate analyses. The ePCA analysis described above was used to
compare Bagley Basin to the regional mountain range analysis. The ePCA analyses showed four
(Assemblages x, D,

, and o) of the five assemblages represented within the Bagley Basin

(Figure 6a and Figure 7). Assemblage + was not found in the Bagley Basin as the assemblage
was characterized by ecosystems that are high elevation, above tree line, with low mean annual
temperatures that selected for cryophilic taxa such as Chlamydomonas nivalis. All samples in
Bagley Basin were collected at a much lower elevation (between 1280-1640m) than the median
of samples collected from Assemblage + (2233m). Phylogenetic b diversity (KR distance,
generalization of weighted UniFrac) was used to compare samples collected in Bagley Basin
(Supplemental Figure 1). Hierarchical clustering based on the KR distance suggested three
groups within Bagley Basin that were unrealted to the day of collection. There were likely other
factors that affected phylogenetic diversity within the community.
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Figure 6. Relative Proportions of Eukaryote SSU rDNA at Bagley Basin. A) Symbols
represent the assemblage each sample belongs to. Stacked bar pots represent the proportion of b)
all algal annotations, c) all other non-algal eukaryotic annotations, and d) all eukaryotic
annotations. Numbers at the bottom represent the Julian day of collection and the breaks between
bars represent breaks in time between sampling.
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DISCUSSION
The amplicon data from the 128 samples collected in 2017 across the Cascade Mountains
suggested that snow algae taxa inhabiting alpine areas in the Pacific Northwest are consistent
with the global pattern of snow algae communities that are dominated by green algae
(Chlorophyta and Streptophyta) (Kol 1970, Hoham 1980, Edwards et al. 2016, Akiyoshi et al.
2018). My work also corroborates recent studies that show lower proportions of rare (more rarely
encountered in amplicon data sets) algae taxa (Akiyoshi et al. 2018). For example,
Mesotaeniaceae, Chrysophyceae, Rhodomonas, Streptophyta taxa, are rare in my dataset and are
also rare in other studies. Streptophyta (Brown et al. 2016), Chrysophyceae (Hamilton and Havig
2017) have been previously described on volcanoes of the Pacific Northwest; however, the high
level of annotation of sequences (clade and order) from these taxa suggest that there is likely
novel diversity at the genera or species level in the Pacific Northwest, and possibly globally. A
study using full length ribosomal gene sequences, multiple loci, and/or metagenomes would be
required to complete a thorough assessment of species level annotations and endemism. My
dataset also suggests that alpine snow algae communities are more diverse than polar
communities, both in terms of sample diversity and variability across space and time.
Comparable studies of pink snow in arctic ecosystems show six algal OTUs per country
surveyed (Edwards et al. 2016), whereas the Cascades alpine samples have between 4-18 algal
taxa (Figure 2).
One of the most exciting results from my amplicon dataset is communities of snow algae
can be grouped into assemblages of taxa with distinctive community structure, which can be
found in distinctive sub-environments within alpine systems (Figure 3). Prior to my study, the
concept of snow algae assemblages was suggested to describe microbial communities in New
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Zealand (Thomas and Broady 1997). The microscopy-identified assemblages of snow algae
described by Thomas & Broady (1997) are similar to the bulk of research on snow algae
communities, where Chlamydomonas spp. are the dominant taxa and other algal taxa (in this
case Cryocystis, Scotiella (now synonymous with Choloromonas), Trochiscia, Koliella, and
Raphidonema) are found in lower proportions. Most research on snowy ecosystems that look at
the multiple populations of taxa or communities are describing “assemblages” even if that is not
explicitly noted. This is true of studies of high-elevation snowy ecosystems on volcanoes in the
Pacific Northwest that described the cryophilic high-alpine assemblages (assemblage + in this
study) dominated by Chlamydomonas (Brown et al. 2016, Hamilton and Havig 2017).
The patterns in snow algae community structure from this study, in concert with our
analysis of bioclimate factors of snow ecosystems, suggest these assemblages could be described
as a biocoenosis. Biocoenosis can be defined as the totality of organisms living in a distinct
environment (biotope) defined by specific conditions that provide habitat for specific organisms
(Möbius 1880; Round 1981). These ideas (biocoenosis), were proposed for complex algal
communities with the purpose of making order so more detailed research could be done on a
broader assemblage or biocoenosis. Such theories require large datasets which were difficult to
produce given the tools available (microscopy) at the time. The advent of NextGen sequencing
allows us to sequence a much larger area and sample volume and add support to these
hypotheses/observations. Algal ecologists have described assemblages or communities of algae
for a number of environments, typically using morphologically-based species/taxa identification
(Round 1981). Algal assemblages have been described for a variety of cold ecosystems: alpine
streams (Baker et al. 2008), tundra soil (Richter et al. 2015), and Arctic sea ice (Tamelander et
al. 2009). However, fewer studies describe algal biocoenosis. Especially in complex algal
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systems, it is difficult to define both the totality of organisms in the ecosystem and describe the
discrete environmental variables that define the ecosystem. This could be the strongest case yet
for a biocoenosis of algal communities. My analysis defined five assemblages that are
characterized by a dominant taxa and distinct bioclimate factors which suggests that
environmental factors may create microhabitats within alpine systems and select for the
populations of snow-dwelling taxa. (Figure 5).
Previous studies have attempted to describe the environmental factors that govern snow
algae distribution and biology, but most of this work has been done on cultures of individual
species in the laboratory. These culture-based studies suggest that light levels and patterns,
temperature, and nutrient availability and composition were some of the most important factors
for growth in the lab (Remias et al. 2010, Remias et al. 2005). Only recently have studies
attempted to describe the snow algae habitat in situ. We know from previous work that snow
microbe community composition varies with elevation on a glacier-scale (Yoshimura et al. 1997,
Takeuchi and Kohshima 2006, Kanda et al. 2010, Tanaka et al. 2016), but my study of a variety
of biomes across whole mountain range found this relationship to be more complex. I found that
snow algae assemblages in the Pacific Northwest vary by seasonality (day of collection),
latitude, mean annual temperature, elevation, length of growing period (measured as the number
of frost-free days), and the degree of continentality. Together, these bioclimate factors
statistically described how snow communities across a mountain range were found along a
gradient that can be described by seasonality (day of collection), latitude, and elevation. With the
onset of spring, lower elevations and lower latitudes experience snow melt earlier in the season.
As the season progresses, this gradient continues such that the majority of late season snow is
found at higher latitudes and elevations. This gradient of elevation, latitude, and seasonality
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affects other climate factors such that each assemblage varied in these bioclimatic factors, and, as
described above, each assemblage was dominated by a different taxon or collection of taxa. My
results suggest that different algal taxa tend to proliferate in specific environments due to
variation in physical factors or some interaction between these physical factors. One of the
patterns is a taxonomic shift to well-known cryophilic taxa later in the season. Assemblages o
and + were dominated by well-known cryophilic taxa Chlamydomonas nivalis, which is adapted
to high irradiance levels and cold temperatures (Remias et al. 2005, Stibal et al. 2007, Remias et
al. 2010, Lukeš et al. 2014). Additionally, Assemblage + was characterized by significantly
lower mean annual temperature and higher elevation than all other assemblages. Snow patches
that persist through summer thaws are often at higher elevations, and are subject to harsher
environmental conditions (high irradiance and diurnal freeze-thaw cycles). This harsh
environment may be selecting for taxa that are adapted to withstand such environments.
In contrast, Assemblages x, D, and

were found earlier in the season and at lower

elevations. These earlier season, lower-elevation assemblages were characterized by dominant
taxa uncultured Chlamydomonadas and uncultured Chloromonas. Previous studies hypothesized
that ephemeral early season taxa have adapted from soil algae (Hoham 1980) during seasons
with a deep snowpack or late melt onset. At lower elevations, these taxa and assemblages have
not adapted to the extreme harsh environments of the high alpine, but rather have adapted to
withstand occasional high irradiance (Remias et al. 2010).
The most prolific heterotroph population was in assemblage o, a ‘late season’ and midelevation assemblage. Previous work has shown associations between heterotrophic or
saprophytic communities like bacteria and fungi, taxa that are likely utilizing carbohydrates in
the algal derived mucilage (Remias et al. 2005). My data suggest that this relationship becomes
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stronger later in the season, possibly because older algal cells secrete more sugars/mucilage or
senesce and are consumed. Later season assemblages have a longer growing period for
photosynthetic populations to reproduce, creating an environment conducive to an abundance of
heterotrophic taxa. In addition, my data (Supplementary Table 2) support previous findings from
the Himalaya (Yoshimura et al. 1997), southern Patagonia icefield (Takeuchi and Kohshima
2006), and an Alaskan glacier (Kanda et al. 2010), which suggest that mid-elevation snow algae
communities have the highest diversity of algae taxa compared to higher or lower elevations.
According to Segawa et al. (2010), high biodiversity has been explained by the intermediate
disturbance hypothesis (Vuilleumier 1971), or the relatively unstable conditions between the
more stable conditions of higher and lower elevation environments.
To compare community structure and diversity of snow algae communities on different
spatial scales, samples collected monthly from the Bagley Lakes Basin were compared to the
larger mountain range-scale analysis. Due to the ephemeral nature of seasonal snow and snow
algae communities, I was unable to sample the exact same patch of snow throughout the season.
However, similar to most snowy ecosystems, pink snow within Bagley Basin was found in
snowy areas with the most liquid water (e.g. in snow runnels, valleys etc.); therefore, my
sampling led me to similar areas in successive trips. Early season snow communities were found
on the basin floor and on the snow covering the lake. As snow melted later in the season, snow
samples were collected at higher elevations within the basin on talus slopes and residual
avalanche debris piles.
Amplicon data analyzed on a mountain range scale suggested there were definable
patterns to taxonomic composition and community structure across space and time. Within
Bagley Basin, I found four assemblages (x, D,

, and o) of the proposed five. Assemblage + was
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not found in the Bagley Basin. My analysis of bioclimate variables showed that samples from
this assemblage were characterized by ecosystems that were found at high elevation, above tree
line, with low mean annual temperatures. These conditions selected for dominant cryophilic taxa
like Chlamydomonas nivalis. In Bagley Basin, Chlamydomonas nivalis and other cryophilic taxa
are considered rare (Figure 6). All samples in Bagley Basin were collected at a lower elevation
(between 1280-1640 m) than the median of samples collected from Assemblage + (2233 m).
This supports my description of assemblages as algal biocoenosis because not all assemblages
were found in all snowy ecosystems. Not all algal taxa have been found all snowy ecosystems
and there are definable patterns to taxonomic composition and community structure across space
and time.
Given the analysis of bioclimate variables on a mountain range scale, I would expect to
see a progression of assemblages across the season that could be described by a combination of
the Julian day of collection and elevation. A gradient combining Julian day of collection and
elevation would suggest that samples collected across the summer season would belong to
assemblages x, D,

, and o, respectively. Samples from Bagley Basin showed a taxonomic shift

of both algal and other non-algal microbial eukaryotes through the season (Figure 6). The ePCA
biplot (Figure 3) shows that samples from assemblages x and D were phylogenetically very
similar, and ordinated mostly on PC2. Likewise, assemblages

and o were phylogenetically

very similar, and ordinated mostly on PC1. It’s likely that these assemblages vary only by the
presence or absence of one or two taxa, differences that may not be visible in taxonomic analysis
as in Figure 6. Overall, there were more early season samples that belonged to assemblages x and
D collected on Julian day 147, and more late season samples that belong to assemblages

and o

found on Julian day 217 in the Bagley Basin. Julian day 181, the mid-range between these two
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days had all four assemblages represented. Both taxonomic and phylogenetic analyses of the
amplicon data suggested temporal shifts in snow algae communities.
However, the taxonomic shift in Bagley Basin (Figure 6) didn’t follow a uniform pattern
that could be described by the collected bioclimate variables. Hierarchical clustering based on
the KR distance (Supplemental Figure 1) supported this claim, as the clusters of pairwise
phylogenetic distances between samples were not based on collection date. This suggests that
small-scale variability was similar to large-scale variability, such sample similarity (β-diversity
measured by phylogenetic distance) was not solely based on time of collection. The variation in
microenvironment affected the phylogenetic composition of microbial communities on a very
small scale. At the taxonomic resolution of this analysis, most of the variation between
communities is explained by landscape-level variation in environmental variables and not by
factors that may differ across the entire mountain range. Additionally, at a basin scale, the
bioclimate analyses described patterns that only scratch the surface of the factors that govern
these assemblages and biocoenoses. Though samples were collected in relative close proximity,
many parameters that likely affect diversity were not measured. Recent studies show that the
surface underlying the snow ecosystem plays an important role in snow algal growth and
community composition. Studies have looked at the effect of adjacent or underlying bedrock
(Hamilton and Havig 2017) or lakes underlying the snow environment (Procházková et al. 2018).
To describe a snow algae biocoenosis more completely, future work should describe
geochemical properties of the snow biome sampled along with measuring factors like
temperature, water content, nutrients, and dissolved organic carbon in situ.
One of the less represented taxon of algae that has been previously described in the
Pacific Northwest is the genera Chlainomonas (Novis et al. 2008b). Recent studies have shown
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that this taxon appears in slush and melting snow over alpine lakes (Procházková et al. 2018).
Additionally, microscopy sample collections at Bagley Lake suggests that Chlainomonas taxa
are present in my samples (Supplementary Figure 2). When my data were annotated, 18s
reference sequences of Chlainomonas spp. had not yet been published. Given the proportion of
uncultured Chlamydomonadaceae annotations in samples I hypothesized that the Chlainomonas
spp. I identified using morphology were annotated as uncultured Chlamydomonadaceae. An
NCBI BLAST search of the sequences annotating to uncultured Chlamydomonadaceae from my
analysis revealed that many “uncultured Chlamydomonadaceae” are likely to be within the genus
Chlainomonas. The top six BLAST results were identical for all sequences queried and score at
98% identical. The six sequences were described as “Uncultured Alga gene” (2 sequences),
“Chlainomonas sp.” (2 sequences), and uncultured Chlamydomonadaceae (2 sequences)
(Accession numbers LC371432.1, LC371426.1, MF803745.1, MF803743.1, GU117575.1, and
GU117574.1 respectively). The two sequences of Chlainomonas that are matches for my
sequences were only recently added to the database and are the only two sequences that cover the
18s region. Annotations will always be limited by the availability of appropriate reference
sequences. Additional studies that create reference sequences via new culturing methods or
single-cell sequencing of snow algae are needed for the future of snow algal biogeographic
research. Additionally, the snow algae research community is discussing creating a snow algae
specific that will support more accurate annotation in the future.

Future Research
This study has laid the groundwork for more detailed and directed biogeographic sampling in
alpine areas of the Pacific Northwest. Critically missing from my habitat analysis of assemblages
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is the interpretation of local geochemistry and nutrient availability. Culture-based studies show
the amount and composition of nutrient and mineral input to the snow ecosystem to be important
in algal growth (Hoham 1976, Hamilton and Havig 2017, 2018). Similar to other factors, nutrient
availability differs between alpine glaciers and large glacial ice fields, and these differences can
drastically affect algal growth. A recent study found that snow algae primary productivity on
three Cascade volcanoes Pacific Northwest may not be limited by nutrient availability, but
instead dissolved organic carbon in the environment (Hamilton and Havig 2017). This finding is
in contrast to arctic icefields which are liquid water and nutrient limited (Ganey et al. 2017).
Future studies that describe the ecological conditions of algal assemblages should also describe
the geochemical properties of the snow biome sampled. Additionally, future work should
measure factors like temperature, water content, nutrients, and dissolved organic carbon in situ.
This would allow a more detailed interpretation of snow algae micro-environments rather than
using 30-year climate averages. A more detailed fine scale (weekly sampling) temporal study at
Bagley Basin that pairs molecular analysis and microscopy would allow a more detailed view of
seasonal patterns of snow algae community structure.
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Supplementary Figure 1. Kantorovich-Rubinstein (KR) distances between samples taken at
Bagley Lake near Mt. Baker, WA. Samples collected monthly; numbers represent Julian day of
sample collection.
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Supplementary Figure 2. Snow Algae (Chlainomonas spp.) Sample collected over Upper
Bagley Lake.
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Supplementary Table 1. Paired Wilcoxon Results.
a. Julian day of sample collection
d. Continentality
x
+
x
D
D
x 0.27087
x 0.299
+ 0.22912 0.18249
+ 0.272
0.449
0.22912 0.07315 0.22912
0.617
0.99
o 0.00056 0.00075 0.22912 3.00E-06
o 0.011
0.059
b. Latitude
D
x
1
+ 0.9844
1
o
1

x
0.1081
1
1

+
0.0038
0.0031

c. Mean Annual Temperature (c )
D
x
+
x 0.4792
+ 0.1654
0.0215
0.2185
0.0089
0.3724
o 0.3724
0.0442
0.2012

1

0.6285
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e. Elevation (m)
D
x
x 0.506
+ 0.024 4.40E-06
0.629
0.038
o 0.506
0.01

+
0.848
0.848 0.031

+
0.024
0.05 0.629

Supplementary Table 2. Taxonomic Diversity and Evenness Indexes
a.
x
∆
o
+
b.
x
∆
o
+
c.
x
∆
o
+

Algae taxa
Richness
21
16
32
33
25

Shannon's H
0.8659
0.7168
1.8521
1.7704
1.1500

Evenness
0.2844
0.2585
0.5344
0.5063
0.3573

‘Other' Non-Algal Taxa
Richness
28
20
29
31
31

Shannon's H
1.3571
1.3720
1.5682
1.4134
1.8418

Evenness
0.4073
0.4580
0.4657
0.4116
0.5364

All Taxa
Richness
49
36
61
64
56

Shannon's H
1.5503
0.7509
2.3738
2.2182
0.9613

Evenness
0.3983
0.2095
0.5774
0.5334
0.2388
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Supplementary Table 3. Climate and Sample Metadata
Sample
Month Day
17BL10
6
30
17BL7
5
27
17CSJRCG1F02
6
4
17CSNBST
6
13
17CSPBMA1
6
14
17HS1
6
3
17MAKC3
7
6
17MHCS2
6
7
17BL1
5
27
17BL11
6
30
17BL19
8
5
17BL2
5
27
17BL23
9
8
17BL3A
5
27
17BL5
5
27
17BL8
5
27
17CSJRCG1F01
6
4
17CSNR1
5
25
17MHCS3A
6
7
17MHCS3B
6
7
17WP4
6
5
17CSNEIT
7
17
17CSNR2
5
25
17CSNR3
5
25
17CSNR4
5
25
17CSNR5
5
31
17CSNR6
6
17
17GP2
7
28
17GP3
7
28
17GP4
7
28
17GP5
7
28
17GP6
7
28
17GP7
7
28
17GP8
7
28
17GROS1
9
1
17GROS2
9
1
17GROS4
9
1

Julian
Day
182
148
158
165
166
155
188
159
148
182
218
148
252
148
148
148
158
146
159
159
157
199
146
146
146
152
169
210
210
210
210
210
210
210
245
245
245

Cluster
∆
∆
∆
∆
∆
∆
∆
∆
x
x
x
x
x
x
x
x
x
x
x
x
x
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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17KG2
17MASC1
17MASC3
17MASC4
17MASC5
17MASC6
17RP2
17SPSG4
17WP3
17WP6
17WP7
17BHS2
17BL12
17BL14
17BL17
17BL25
17BL3B
17BLHM1
17CSDBCG1
17CSDBMR
17CSDBSG
17CSKKPP
17CSMJFL
17CSMKGR
17CSNR7
17CSOCHR1
17CSTAIG1
17CSTAIG2
17CSTASP1
17GP1
17HP1
17KG3
17MAKC1
17MAKC2
17MAKC4
17MBHR1
17MBHR3
17MBHR4
17MBHR5
17MBHR6

8
8
8
8
8
8
6
7
6
6
6
6
6
6
8
9
5
3
6
7
7
6
7

29
16
16
16
16
16
5
31
5
5
5
30
30
30
5
8
27
17
13
8
30
24
29

242
229
229
229
229
229
157
213
157
157
157
182
182
182
218
252
148
77
165
180
212
176
211

6

17

169

6
6
7
7
7
8
7
7
7
6
6
6
6
6

21
21
1
28
1
29
6
6
6
12
12
13
12
12

173
173
183
210
183
242
188
188
188
164
164
165
164
164

+
+
+
+
+
+
+
+
+
+
+
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17MG1
17MOBG2
17WP1
17WP5
17WP8
17ADML1
17ALDP1
17ALDP3
17ALDP4
17ALDP5
17ARCC3
17BHS4
17BHS5
17BHSC2
17BL15
17BL16
17CSATTA1
17CSDHMG1
17CSEBAL2
17CSGPP1
17CSJRIP
17CSJRLI
17CSJRYA1
17CSJRYA2
17CSKKBM
17CSLA
17CSOCHR2
17GROS3
17HP3
17HP4
17ITLDV4
17MBHR2
17MD1
17MD2
17MD4
17MD5
17MG2
17MLHP
17MM1
17MM2

7
7
6
6
6

20
17
5
5
5

202
199
157
157
157

8
8
8
8

17
17
17
17

230
230
230
230

8
8
4
8
8

5
5
16
5
5

218
218
107
218
218

7
7

31
1

213
182

7
7
8
8
8
8

28
28
20
20
12
14

210
210
233
233
225
227

9
7
7

1
1
1

245
183
183

6
8
8
8
8
7
8
8
8

12
5
5
5
5
20
21
11
11

164
218
218
218
218
202
234
224
224

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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17MM4
17MOBG3
17SPCP1
17SPCP2
17SPSA1
17SPSG1
17SPSG2
17SPSG3
17SPSG5
17TH1
17TH2

8
7
7
7
7
7
7
7
7
9
9

11
17
31
31
31
31
31
31
31
16
16

224
199
213
213
213
213
213
213
213
260
260

o
o
o
o
o
o
o
o
o
o
o
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Supplementary Table 4. Reference Sequences for Snow Algae Specific Reference Package. Reference sequences were curated based
on specific search terms from the GenBank Nucleotide database. The table shows NCBI Accession numbers and names of sequences
used in the snow algae specific reference package. Ellipses indicate where names have been abbreviated.
NCBI
Accession
JQ790560.1
JQ790559.1
JQ790556.1
AF514412.1
AF514411.1
AF514405.2
AF514402.1
AF514410.2
AF514403.3
AF514409.1
AF514406.1
AF514404.1
AF514401.1
AF514400.1
AF448477.1
AF514398.1
GU117577.1
GU117587.1
GU117575.1
GU117574.1
GU117578.1
AF514408.1
GU117576.1
HQ404895.1

Description
Chlamydomonas nivalis strain CCCryo RS 0015-2010 18S ribosomal RNA gene, partial sequence
Chlamydomonas nivalis strain CCCryo RS 0003-2004 18S ribosomal RNA gene, partial sequence
Chloromonas polyptera strain CCCryo RS 0010-2009 clone DRAnt023 18S ribosomal RNA gene…
Chlamydomonas nivalis strain CCCryo RS 0007-1998 18S ribosomal RNA gene, partial sequence
Chlamydomonas nivalis strain CCCryo RS 0002-1998 18S ribosomal RNA gene, partial sequence
Chlamydomonas klinobasis strain CCCryo 041-99 18S ribosomal RNA gene, partial sequence
Chloromonas rostafinskii strain CCCryo 025-99 18S ribosomal RNA gene, partial sequence
Raphidonema sempervirens strain CCCryo 011a-99 18S ribosomal RNA gene, partial sequence
Chloromonas alpina strain CCCryo 032-99 18S ribosomal RNA gene, partial sequence
Chloromonas nivalis strain CCCryo 005-99 18S ribosomal RNA gene, partial sequence
Chloromonas nivalis strain CCCryo 047-99 18S ribosomal RNA gene, partial sequence
Chlamydomonas pulsatilla strain CCCryo 038-99 18S ribosomal RNA gene, partial sequence
Chloromonas platystigma strain CCCryo 020-99 18S ribosomal RNA gene, partial sequence
Chloromonas rostafinskii strain CCCryo 010-99 18S ribosomal RNA gene, partial sequence
Raphidonema nivale strain CCCryo 112-00 18S ribosomal RNA gene, partial sequence
Chlamydomonas pulsatilla strain CCCryo 002b-99 clone CCCryo 002b-99 18S ribosomal RNA gene…
Chlamydomonas nivalis 18S small subunit ribosomal RNA gene, partial sequence…
Chlamydomonas nivalis 18S small subunit ribosomal RNA gene, partial sequence
Uncultured Chlamydomonadaceae clone HW01/17 18S small subunit ribosomal RNA gene, partial sequence
Uncultured Chlamydomonadaceae clone HW01/1 18S small subunit ribosomal RNA gene, partial sequence
Chlamydomonas klinobasis strain CCCryo 050-99 18S small subunit ribosomal RNA gene, partial sequence
Macrochloris sp. 105-99 strain CCCryo 105-99 18S ribosomal RNA gene, partial sequence
Chloromonas nivalis 18S small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer…
Chlorella sp. strain CCCryo 297-06 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
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AB903027.1
AB903026.1
AB903025.1
AB903024.1
AB903023.1
AB903022.1
AB903021.1
AB903020.1
AB903019.1
AB903016.1
AB903015.1
AB903012.1
AB903010.1
AB903009.1
AB903008.1
AB903007.1
AB903006.1
AB903005.1
AB903004.1
AB903003.1
AB903002.1
AB903001.1
AB903000.1
AB902998.1
AB902994.1
AB902993.1
AB902992.1
AB902991.1
AB902990.1

Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp AL4
Uncultured Chloromonas genes for 18S rRNA, ITS1, partial sequence, clone: Chloromonas sp AL3
Uncultured Chlamydomonadaceae genes for 18S rRNA, ITS1, 5.8S rRNA…clone: Chlamydomonas sp PA2
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp TA 9
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA,… sp SV4
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp SV3
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp SV2
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp PA2
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp PA3
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp AL5
Uncultured Chlorella genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chlorella sp ANT 4
Uncultured Chlorella genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chlorella sp ANT 4
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp ANT4
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp ANT3
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp ANT2
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp ANT1
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP21
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP20
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp TA1
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP8
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP7
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP10
Uncultured Chloromonas gene for 18S rRNA, partial sequence, clone: Chloromonas sp JP9
Uncultured Chlamydomonadaceae genes for 18S rRNA, ITS1… sp AL1
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp TA 6
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP16
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP14
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp GL4
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp GL3
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AB902989.1
AB902988.1
AB902986.1
AB902985.1
AB902984.1
AB902982.1
AB902981.1
AB902980.1
AB902979.1
AB902978.1
AB902977.1
AB902975.1
AB902974.1
AB902973.1
AB902972.1
AB902971.1
AB902970.1
AB902999.1
GU117588.1
GU117583.1
GU117581.1
GU117580.1
GU117579.1
AF514407.1
AF514399.1
AJ867643.1
AJ867742.1
AF517100.1
AF517099.1

Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp GL2
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp JP12
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… Chloromonas sp AL1
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP3
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP15
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp TA 4
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp TA 3
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP2
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP19
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP18
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP6
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP4
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP11
Uncultured Chlamydomonadaceae genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp PA1
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp AL1
Uncultured Chlamydomonadaceae genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp GL1
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp JP13
Uncultured Chloromonas genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA… sp SV1
Coenochloris sp. CCCryo147-01 strain CCCryo 147-01 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas reticulata strain CCCryo 154-01 18S small subunit ribosomal RNA gene, partial sequence
Chlamydomonas proboscigera strain CCCryo 217-05 18S small subunit ribosomal RNA gene…
Chlamydomonas proboscigera strain CCCryo 216-05 18S small subunit ribosomal RNA gene…
Chlamydomonas splendida strain CCCryo 215-05 18S small subunit ribosomal RNA gene…
Coenochloris signiensis strain CCCryo 101-99 18S ribosomal RNA gene, partial sequence
Chlamydomonas sp. SAG 75.94 strain CCCryo 125-00 18S ribosomal RNA gene, partial sequence
Uncultured chlorophyte alga partial 18S rRNA gene, clone BS 0-Uni11-B
Uncultured chlorophyte alga partial 18S rRNA gene, clone JFJ-WS-Uni21
Chlamydomonas sp. A-SIO 18S small subunit ribosomal RNA gene, partial sequence
Chlamydomonas cribrum 18S small subunit ribosomal RNA gene, partial sequence
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AF517098.1
AF517097.1
AF517096.1
GU117586.1
GU117585.1
GU117584.1
GU117582.1
LC012713.1
LC012712.1
AB906343.1
AB906342.1
LC012715.1
LC012714.1
LC012711.1
LC012710.1
LC012709.1
AB906351.1
AB906350.1
AB906349.1
AB906348.1
AB906347.1
AB906345.1
AB906346.1
AB906344.1
AB906341.1
HE820741.1
HE820740.1
HE820739.1
HQ438123.1

Chlamydomonas bilatus 18S small subunit ribosomal RNA gene, partial sequence
Chlamydomonas pseudogloeogama 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas subdivisa 18S small subunit ribosomal RNA gene, partial sequence
Ploeotila sp. CCCryo086-99 strain CCCryo 086a-99 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas insignis strain CCCryo 090-99 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas schussnigii strain CCCryo 082-99 18S small subunit ribosomal RNA gene, partial sequence
Pleurastrum sp. CCCryo 006-99 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas krienitzii gene for 18S ribosomal RNA, partial sequence
Chloromonas krienitzii gene for 18S ribosomal RNA, partial sequence
Chloromonas fukushimae gene for 18S ribosomal RNA, partial sequence, strain: HkCl-65
Chloromonas fukushimae gene for 18S ribosomal RNA, partial sequence, strain: GsCl-11
Chloromonas sp. Gassan-C gene for 18S ribosomal RNA, partial sequence
Chloromonas sp. Gassan-B gene for 18S ribosomal RNA, partial sequence
Chloromonas sp. Hakkoda-2 gene for 18S ribosomal RNA, partial sequence
Chloromonas sp. Hakkoda-1 gene for 18S ribosomal RNA, partial sequence
Chloromonas sp. Gassan-A gene for 18S ribosomal RNA, partial sequence
Chloromonas sp. NIES-2380 gene for 18S ribosomal RNA, partial sequence, strain: NIES-2380
Chloromonas sp. NIES-2379 gene for 18S ribosomal RNA, partial sequence, strain: NIES-2379
Chloromonas tughillensis gene for 18S ribosomal RNA, partial sequence, strain: UTEX SNO92
Chloromonas tughillensis gene for 18S ribosomal RNA, partial sequence, strain: UTEX SNO91
Chloromonas tenuis gene for 18S ribosomal RNA, partial sequence, strain: UTEX SNO132
Chloromonas nivalis gene for 18S ribosomal RNA, partial sequence, strain: UTEX SNO66
Chloromonas pichinchae gene for 18S ribosomal RNA, partial sequence, strain: UTEX SNO33
Chloromonas hohamii gene for 18S ribosomal RNA, partial sequence, strain: UTEX SNO67
Chloromonas chenangoensis gene for 18S ribosomal RNA, partial sequence, strain: UTEX SNO150
Uncultured Hydrurus partial 18S rRNA gene, isolate Sva 10 9
Uncultured Hydrurus partial 18S rRNA gene, isolate Sva 10 3
Uncultured Hydrurus partial 18S rRNA gene, isolate Ant 26a
Uncultured Prasinophyceae clone North Pole SI120 29 18S ribosomal RNA gene, partial sequence
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JF826396.1
JF826395.1
JF826355.1
AJ867745.1
AF514397.2
JF430424.1
JF826326.1
GQ330634.1
GQ330634.1
HQ156878.1
JN981040.1
JN981038.1
KT190769.1
KR131436.1
KC309486.1
HQ404890.1
AF517092.1
AF517091.1
AF517089.1
AF517088.1
AF517087.1
AF517086.1
AF517085.1
AF109729.1
AF109728.1
DQ025753.1
JX196712.1
KF516511.1
JX470335.1

Uncultured marine dinoflagellate clone North Pole SW170 94 18S ribosomal RNA gene, partial sequence
Uncultured marine dinoflagellate clone North Pole SW170 91 18S ribosomal RNA gene, partial sequence
Uncultured marine diatom clone North Pole SW0 77 18S ribosomal RNA gene, partial sequence
Uncultured chrysophyte partial 18S rRNA gene, clone JFJ-ICE-Uni-10
Ancylonema nordenskioeldii strain CCCryo BS 0001-2000 18S ribosomal RNA gene, partial sequence
Mesotaenium berggrenii var. alaskana strain CCCryo BS 0002-2009 18S ribosomal RNA gene, partial sequence
Uncultured marine Mesodiniidae clone North Pole SI120 111 18S ribosomal RNA gene, partial sequence
Uncultured Peridiniales clone PRS2c 4E 04 18S ribosomal RNA gene, partial sequence
Uncultured Peridiniales clone PRS2c 4E 04 18S ribosomal RNA gene, partial sequence
Uncultured marine Syndiniales clone 210609 12 18S ribosomal RNA gene, partial sequence
Homidia sp. YB-2012 voucher Gao 0904 18S ribosomal RNA gene, partial sequence
Parisotoma notabilis voucher Potapov 0921 18S ribosomal RNA gene, partial sequence
Fraseroscyphus hozawai clone FH15P207-3 18S ribosomal RNA gene, partial sequence
Uncultured Cercomonas clone 478 18S ribosomal RNA gene, partial sequence
Biddulphia cf. reticulum MPA-2013 isolate ECT3891Bidd 18S ribosomal RNA gene, partial sequence
Chloromonas sp. CCCryo273-06 strain CCCryo 273-06 18S ribosomal RNA gene, partial sequence…
Chloromonas brevispina 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas palmelloides 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas paraserbinowii 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas nivalis 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas pichinchae 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas sp. D-CU581C 18S small subunit ribosomal RNA gene, partial sequence
Chloromonas variabilis 18S small subunit ribosomal RNA gene, partial sequence
Pseudopleurochloris antarctica 18S ribosomal RNA gene, complete sequence
Pleurochloris meiringensis 18S ribosomal RNA gene, complete sequence
Micromonas pusilla strain CCMP2099 18S ribosomal RNA gene, partial sequence
Raphidonema nivale clone PER41 18S ribosomal RNA gene, partial sequence
Fusiforma themisticola voucher USNM:1221443 18S ribosomal RNA gene, partial sequence
Chaetomium globosum strain C2F-4c-1 18S ribosomal RNA gene, partial sequence
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KX351376.1
KX351375.1
KX351374.1
KX351373.1
KX351372.1
KX351371.1
KX351370.1
KX351369.1
KX351364.1
KX351356.1
KJ513675.1
KU175624.1
EF024334.1
EF024295.1
AY775285.1
AB275355.1
KU900223.1
HF952621.1
HF952620.1
L22259.1
L22258.1
L22257.1
JX456606.1
JX456605.1
KJ608183.1
KP324741.1
KP324740.1
KP324738.1
FJ550601.1

Isotomurus sp. cei5 18S ribosomal RNA gene, partial sequence
Isotomurus palustris 18S ribosomal RNA gene, partial sequence
Isotomurus cf. unifasciatus MNHN cm588 18S ribosomal RNA gene, partial sequence
Isotomurus cf. unifasciatus MNHN cd363 18S ribosomal RNA gene, partial sequence
Isotoma anglicana 18S ribosomal RNA gene, partial sequence
Folsomia candida 18S ribosomal RNA gene, partial sequence
Cryptopygus sverdrupi 18S ribosomal RNA gene, partial sequence
Chionobora amila 18S ribosomal RNA gene, partial sequence
Chionobora amila isolate LD2 18S ribosomal RNA gene, partial sequence
Agrenia bidenticulata 18S ribosomal RNA gene, partial sequence
Uncultured cercomonad clone BE04-11 18S ribosomal RNA gene, partial sequence
Anteholosticha rectangula isolate INHC178 18S ribosomal RNA gene, partial sequence; macronuclear
Prorodontidae environmental sample clone Elev 18S 750 18S ribosomal RNA gene, partial sequence
Prorodontidae environmental sample clone Elev 18S 696 18S ribosomal RNA gene, partial sequence
Amoebophrya sp. ex Gonyaulax polygramma strain GS0209a 18S ribosomal RNA gene, partial sequence
Protoperidinium excentricum gene for 18S rRNA, partial sequence
Rhodomonas sp. CCAP 995/5 18S ribosomal RNA gene, partial sequence
Rhodomonas sp. CCMP275 nucleomorph partial 18S rRNA gene, strain CCMP275
Rhodomonas duplex nucleomorph partial 18S rRNA gene, strain NIES-765
Heterotextus alpinus 18S ribosomal RNA gene, complete sequence
Dacrymyces stillatus 18S ribosomal RNA gene, complete sequence
Dacrymyces chrysospermus 18S ribosomal RNA gene, complete sequence
Aspergillus fumigatus strain B1F-25c-2 18S ribosomal RNA gene, partial sequence
Alternaria cheiranthi strain B2F-25c-3 18S ribosomal RNA gene, partial sequence
Pochonia sp. LS-2013b isolate AR5115-2 18S ribosomal RNA gene, partial sequence
Plumarella diadema isolate Z051 18S ribosomal RNA gene, partial sequence
Plumarella undulata isolate Z046 18S ribosomal RNA gene, partial sequence
Heptaprimnoa patagonica isolate USNM36 18S ribosomal RNA gene, partial sequence
Clytia hemisphaerica 18S ribosomal RNA gene, partial sequence
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KJ193760.1
EF204472.2
JQ000034.1
EF203776.1
GU179366.1
KX513577.1
L81940.2
L81938.1
DQ107580.1
DQ107578.1
DQ107576.1
AM886395.1
KR131442.1
KR131441.1
KR131440.1
KR131432.1
KR131433.1
KC561975.1
KC561974.1
KC561973.1
KC561972.1
KC561971.1
KC561970.1
KC561969.1
JN934691.1
JN934676.1
JN934673.1
JN934669.1
JN934680.1

Cyclopoida sp. IM-2014 18S ribosomal RNA gene, partial sequence
Palaeacarus hystricinus 18S ribosomal RNA gene, partial sequence
Ctenacarus sp. 1 PBK-2011 18S ribosomal RNA gene, partial sequence
Zachvatkinella sp. KD Zach 18S ribosomal RNA gene, partial sequence
Aglaophamus malmgreni voucher MB36000138 18S ribosomal RNA gene, partial sequence
Sosane wireni voucher ZMBN 95447 18S ribosomal RNA gene, partial sequence
Eucyclops serrulatus 18S ribosomal RNA gene, partial sequence
Cancrincola plumipes 18S ribosomal RNA gene, complete sequence
Thermocyclops sp. WEN 18S ribosomal RNA gene, partial sequence
Ergasilus yaluzangbus isolate EYJ 18S ribosomal RNA gene, partial sequence
Paraergasilus brevidigitus isolate PBL 18S ribosomal RNA gene, partial sequence
Caulophacus arcticus 18S rRNA gene, isolated from Arctic Ocean
Uncultured Ascomycota clone 527 18S ribosomal RNA gene, partial sequence
Uncultured Penicillium clone 523 18S ribosomal RNA gene, partial sequence
Uncultured Aspergillus clone 521 18S ribosomal RNA gene, partial sequence
Uncultured Paramicrosporidium clone 393 18S ribosomal RNA gene, partial sequence
Uncultured Paramicrosporidium clone 415 18S ribosomal RNA gene, partial sequence
Uncultured Chytridiomycota isolate T31b 18 18S ribosomal RNA gene, partial sequence
Uncultured Chytridiomycota isolate T31b 16 18S ribosomal RNA gene, partial sequence
Uncultured Chytridiomycota isolate T31b 03 18S ribosomal RNA gene, partial sequence
Uncultured Chytridiomycota isolate T31b 01 18S ribosomal RNA gene, partial sequence
Uncultured Chytridiomycota isolate T31a 23 18S ribosomal RNA gene, partial sequence
Uncultured Chytridiomycota isolate T31a 22 18S ribosomal RNA gene, partial sequence
Uncultured Chytridiomycota isolate T31a 21 18S ribosomal RNA gene, partial sequence
Thalassiosira hispida strain RCC2521 18S ribosomal RNA gene, partial sequence
Thalassiosira minima strain RCC2265 18S ribosomal RNA gene, partial sequence
Porosira glacialis strain RCC2039 18S ribosomal RNA gene, partial sequence
Thalassiosira rotula strain RCC1984 18S ribosomal RNA gene, partial sequence
Dinobryon faculiferum strain RCC2293 18S ribosomal RNA gene, partial sequence
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JN934668.1
JF730878.1
JN934678.1
JN934682.1
AF514413.1
FJ946883.1
FJ946884.1
EF440184.1
EF440183.1
EF440182.1
FJ946889.1
FJ946888.1
FJ946887.1
FJ946886.1
FJ946885.1
HQ111511.1
HQ111510.1
HQ111509.1
AY250850.1
AY380557.1
JQ926737.1
AY250848.1
FJ946907.1
FJ946905.1
FJ946904.1
FJ946903.1
FJ946902.1
FJ946901.1
FJ946900.1

Paraphysomonas sp. RCC1993-2 18S ribosomal RNA gene, partial sequence
Kephyrion sp. CCMP3057 18S ribosomal RNA gene, partial sequence
Pedinellales sp. RCC2286 18S ribosomal RNA gene, partial sequence
Pedinellales sp. RCC2301 18S ribosomal RNA gene, partial sequence
Chlorella sp. 18S ribosomal RNA gene, partial sequence
Chlorella sp. VI2 18S ribosomal RNA gene, partial sequence
Chlorella sp. VI11 18S ribosomal RNA gene, partial sequence
Nannochloris sp. Ant-3 18S ribosomal RNA gene, partial sequence
Nannochloris sp. Ant-2 18S ribosomal RNA gene, partial sequence
Nannochloris sp. Ant-1 18S ribosomal RNA gene, partial sequence
Chlorella sp. EO5-4C 18S ribosomal RNA gene, partial sequence
Chlorella sp. VPL9-6 18S ribosomal RNA gene, partial sequence
Chlorella sp. VPL1A-2 18S ribosomal RNA gene, partial sequence
Chlorella sp. WO10-1 18S ribosomal RNA gene, partial sequence
Chlorella sp. VI4 18S ribosomal RNA gene, partial sequence
Pyramimonas gelidicola strain Ace Lake 18S ribosomal RNA gene, partial sequence
Pyramimonas gelidicola strain O.Gorman Rocks 18S ribosomal RNA gene, partial sequence
Pyramimonas gelidicola strain Highway Lake 18S ribosomal RNA gene, partial sequence
Uncultured chlorophyte clone BPS021 18S ribosomal RNA gene, partial sequence
Stichococcus bacillaris strain s3 18S ribosomal RNA gene, partial sequence
Chloromonas sp. KOPRI AnM0048 18S ribosomal RNA gene, partial sequence
Uncultured Trebouxia sp. 18S ribosomal RNA gene, partial sequence
Chlorococcales sp. VPL9-6 18S ribosomal RNA gene, partial sequence
Chlorococcales sp. VI12 18S ribosomal RNA gene, partial sequence
Chlorococcales sp. VII3 18S ribosomal RNA gene, partial sequence
Chlorococcales sp. VI8 18S ribosomal RNA gene, partial sequence
Chlorococcales sp. II4 18S ribosomal RNA gene, partial sequence
Chlorophyceae sp. VPL9-5 18S ribosomal RNA gene, partial sequence
Chlorophyceae sp. VPL4-4 18S ribosomal RNA gene, partial sequence
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FJ946898.1
FJ946897.1
FJ946896.1
FJ946895.1
FJ946894.1
FJ946893.1
FJ946892.1
FJ946891.1
FJ946890.1
FJ946881.1
AY731083.1
AY731082.1
AF170792.1
KP791871.1
KP791870.1
KP791869.1
KP791868.1
DQ835538.1
DQ399676.1
DQ399675.1
JN934689.1
JN934688.1
JN934686.1
JN934685.1
JN934683.1
JN934679.1
JN934674.1
JN934670.1
HQ156835.1

Scenedesmus sp. EO2-14 18S ribosomal RNA gene, partial sequence
Scenedesmus sp. VPL6-4 18S ribosomal RNA gene, partial sequence
Scenedesmus sp. B6-6 18S ribosomal RNA gene, partial sequence
Scenedesmus sp. WO1L-3 18S ribosomal RNA gene, partial sequence
Scenedesmus sp. R8-2 18S ribosomal RNA gene, partial sequence
Scenedesmus sp. II11 18S ribosomal RNA gene, partial sequence
Chlorophyceae sp. I5 18S ribosomal RNA gene, partial sequence
Trebouxiophyceae sp. VPL5-6 18S ribosomal RNA gene, partial sequence
Trebouxiophyceae sp. VPL1-3 18S ribosomal RNA gene, partial sequence
Trebouxiophyceae sp. SC2-2 18S ribosomal RNA gene, partial sequence
Chlamydomonas sp. ICE-W 18S ribosomal RNA gene, partial sequence
Chlamydomonas sp. ICE-L 18S ribosomal RNA gene, partial sequence
Uncultured ulvophyte QSSC9L-14 18S ribosomal RNA gene, partial sequence
Prasiola crispa isolate Prasiola18SGnollberget 18S ribosomal RNA gene, partial sequence
Prasiola crispa isolate Prasiola18SFugelbergsletta 18S ribosomal RNA gene, partial sequence
Prasiola crispa isolate Prasiola18SAriekammen2 18S ribosomal RNA gene, partial sequence
Prasiola crispa isolate Prasiola18SAriekammen1 18S ribosomal RNA gene, partial sequence
Uncultured prasinophyte clone ds070.01 18S ribosomal RNA gene, partial sequence
Chlamydomonas sp. HYNP009 18S ribosomal RNA gene, partial sequence
Chlamydomonas sp. HYNP007 18S ribosomal RNA gene, partial sequence
Pyramimonas sp. RCC2500 18S ribosomal RNA gene, partial sequence
Nephroselmis pyriformis strain RCC2498 18S ribosomal RNA gene, partial sequence
Chlamydomonas sp. RCC2488 18S ribosomal RNA gene, partial sequence
Carteria sp. RCC2487 18S ribosomal RNA gene, partial sequence
Micromonas pusilla strain RCC2308 18S ribosomal RNA gene, partial sequence
Mamiellaceae sp. RCC2288 18S ribosomal RNA gene, partial sequence
Chlamydomonas sp. RCC2041 18S ribosomal RNA gene, partial sequence
Pyramimonas sp. RCC1987 18S ribosomal RNA gene, partial sequence
Uncultured Prasinophyceae clone 100609 23 18S ribosomal RNA gene, partial sequence
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HM754416.1
HM754414.1
KC861673.1
KC861672.1
KC861671.1
AB049415.1
KU193765.1
KT897245.1
GQ375263.1
KJ362013.1
KJ362012.1
KJ362011.1
KJ362010.1
KJ362009.1
KJ362008.1
KJ362007.1
KJ362006.1
KJ362005.1
KJ362004.1
EF023427.1
EF023465.1
EF024320.1
EF023866.1
KC584507.1
KC291530.1
AJ867636.1
KF361493.1
JN797262.1
KC291528.1

Elliptochloris sp. PMN-2011 strain LCR-CG5 18S ribosomal RNA gene, partial sequence
Bracteacoccus sp. PMN-2011 strain LCR-CG8 18S ribosomal RNA gene, partial sequence
Coelastrella multistriata var. grandicosta strain LCR-CC-12 1d 18S ribosomal RNA gene, partial sequence
Coelastrella ellipsoidea strain LCR-CG7 18S ribosomal RNA gene, partial sequence
Desmodesmus abundans strain LCR-CC-11 1c 1a 18S ribosomal RNA gene, partial sequence
Chlorosarcinopsis minor gene for 18S rRNA
Chlorosarcinopsis bastropiensis strain ACKU 309-04 18S ribosomal RNA gene, partial sequence
Chlorosarcinopsis sp. C01 18S ribosomal RNA gene, partial sequence
Polarella glacialis strain CCMP2088 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain WW517 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain WW516 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain NCH85 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain LSE05 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain LSA06 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain LKE6 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain K0287 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain K1354 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain HT120B7 18S ribosomal RNA gene, partial sequence
Alexandrium ostenfeldii strain F301 18S ribosomal RNA gene, partial sequence
Uncultured Closteriaceae clone Amb 18S 1001 18S ribosomal RNA gene, partial sequence
Uncultured Desmidiaceae clone Amb 18S 1050 18S ribosomal RNA gene, partial sequence
Uncultured Peniaceae clone Elev 18S 731 18S ribosomal RNA gene, partial sequence
Uncultured Desmidiaceae clone Amb 18S 1318 18S ribosomal RNA gene, partial sequence
Alternaria alternata strain CBS 916.96 18S ribosomal RNA gene, partial sequence
Ceratodon sp. AM2008N12 isolate No.12 18S ribosomal RNA gene, partial sequence
Uncultured Pinus partial 18S rRNA gene, clone BS 7-E12
Klebsormidium flaccidum strain SykoA Ch/2-09-09 18S ribosomal RNA gene, partial sequence
Allium senescens subsp. montanum 18S ribosomal RNA gene, partial sequence
Sanionia uncinata isolate No.6 18S ribosomal RNA gene, partial sequence
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LC012708.1
GU901929.1
AJ867743.1
AJ867645.1
KY382763.1
HQ438187.1
LC360463.1
KC561958.1
AJ867647.1
AJ431359.1
HQ259047.1
AJ431356.1
Z26765.1
AY596362.1
U18499.1
LN870015.1
U41281.1
KM043262.1
AB624566.1
LC128703.1
JX494744.1
KY587224.1
KT179707.1
X79407.1
AF419797.1
AB026945.1

Mesenchytraeus nivalis gene for 18S ribosomal RNA, complete sequence
Mesenchytraeus solifugus isolate CE588 18S ribosomal RNA gene, partial sequence
Uncultured cercozoan partial 18S rRNA gene, clone JFJ-ICE-Uni-02
Uncultured Cercozoan partial 18S rRNA gene, clone RS 8-Uni41-B
Entomobryomorpha sp. 8 SF-2017 18S ribosomal RNA gene, partial sequence
Uncultured Basidiomycota clone North Pole SI0 42 18S ribosomal RNA gene, partial sequence
Trebouxia sp. UTEX SNO74 gene for 18S ribosomal RNA, partial sequence
Uncultured Chytridiomycota isolate R11a 10 18S ribosomal RNA gene, partial sequence
Uncultured Urediniomycete partial 18S rRNA gene, clone RS 8-Uni76-B
Uncultured dinoflagellate partial 18S rRNA gene, isolate ikaite un-c55
Uncultured dinoflagellate clone LA111 18S ribosomal RNA gene, partial sequence
Uncultured diatom partial 18S rRNA gene, isolate ikaite un-c54
Hypogastrura dolsana 18S ribosomal RNA
Hypogastrura sp. YXL-2004 18S ribosomal RNA gene, complete sequence
Cylindrocystis sp. UTEX1925 18S rRNA gene, partial sequence
Oligohymenophorea sp. bLPN1 partial 18S rRNA gene, isolate bLPN1 Oligohymenophorean
ilodina acuticornis 18S rRNA gene
Macrotrachela papillosa voucher A953 MP 18S ribosomal RNA gene, partial sequence
Chloromonas typhlos gene for 18S ribosomal RNA, partial sequence, strain: SAG26.86
Bdelloidea sp. R1B gene for 18S ribosomal RNA, partial sequence
Rotaria rotatoria isolate A691 18S ribosomal RNA gene, partial sequence
Uropygi Arachnida sp. NGS002 18S ribosomal RNA (18S) gene, partial sequence
Penstemon angustifolius voucher Steele 1294 18S ribosomal RNA gene, partial sequence
A.lasiocarpa 18S rRNA gene
Calluna vulgaris 18S ribosomal RNA gene, partial sequence
Tsuga mertensiana gene for 18S ribosomal RNA, partial sequence
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Supplementary Table 5. Consensus Sequences created for Snow Algae Specific Reference Package. Sequences with 100% similarity
were condensed into the six consensus sequences shown below.
Ellipses indicate where names have been abbreviated.
NCBI Accession
1 AB903013.1 E U. Chlorella alignment consensus sequence Alignment of 3 sequences:
AB903013.1 Uncultured Chlorella genes for 18S rRNA, ITS1, 5.8S rRNA…clone: Chlorella sp ANT2
AB903011.1 Uncultured Chlorella genes for 18S rRNA, ITS1, 5.8S rRNA… clone: Chlorella sp ANT5
AB903014.1 Uncultured Chlorella genes for 18S rRNA, ITS1, 5.8S rRNA… clone: Chlorella sp ANT3
2 AB902968.1 E U. Chloromonas2 alignment consensus sequence Alignment of 2 sequences:
AB902968.1 Uncultured Chloromonas genes for 18S rRNA… clone: Chloromonas sp JP1
AB903018.1 Uncultured Chloromonas genes for 18S rRNA…clone: Chloromonas sp PA1
3 AB902968.1 E U. Chloromonas3 alignment consensus sequence Alignment of 2 sequences:
AB902968.1 Uncultured Chloromonas genes for 18S rRNA, ITS1…clone: Chloromonas sp JP1
AB902997.1 Uncultured Chloromonas genes for 18S rRNA, ITS1… clone: Chloromonas sp JP22
4 AB902969.1 E U. Chloromonas4 alignment consensus sequence Alignment of 2 sequences:
AB902969.1 Uncultured Chloromonas genes for 18S rRNA… clone: Chloromonas sp TA 2
AB902983.1 Uncultured Chloromonas genes for 18S rRNA… clone: Chloromonas sp TA 5
5 AB902987.1 E U. Chloromonas5 alignment consensus sequence Alignment of 2 sequences:
AB902987.1 Uncultured Chloromonas genes for 18S rRNA… clone: Chloromonas sp JP17
AB903017.1 Uncultured Chloromonas genes for 18S rRNA, ITS1… clone: Chloromonas sp AL2
6 AB902997.1 E U. Chloromonas alignment consensus sequence Alignment of 2 sequences:
AB902997.1 Uncultured Chloromonas genes for 18S rRNA… clone: Chloromonas sp JP22
AB903018.1 Uncultured Chloromonas genes for 18S rRNA… clone: Chloromonas sp PA1
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